Objective: The aim of this study was to determine the frequencies of Y chromosome microdeletions in infertile azoospermic and oligozoospermic Turkish men and in healthy control subjects.
Introduction
Infertility which is defined as inability to produce offspring despite regular and unprotected sexual intercourse after a period of one year, is detected in nearly 15% of the married couples. [1] Approximately 50% of the cases are secondary to male-factor infertility. Genetic factors of male infertility include i) chromosomal aneupolidies, ii) microdeletions, and iii) single gene defects. [2] Originally in the year 1976, Tiepolo and Zuffardi defined azoospermia factor region (AZF) in infertile men using a large -scale deletion mapping. [3] Subsequent studies have demonstrated that AZF is the region where genes which have important functions in the proliferation, and differentiation are coded. AZF region are divided into four non-overlapping subregions as AZFa (proximal), AZFb (intermediate), AZFc (distal) , and AZFd (between AZFb, and AZFc). [4, 5] Dependent on microdeletions occurring on these regions different phenotypic characteristics can emerge. [6] AZFa microdeletions have been associated with germinal aplasia (Sertoli cell only syndrome, SCOS). [7] In cases of large AZFb deletion regions, azoospermia was observed, while in cases of partial AZFb deletion, mild and severe degrees of oligospermia can occur. [8] Deletions which occur in the AZFc region can cause type II SCOS or hypospermatogenesis. [9] However AZFd deletions can manifest themselves as abnormal sperm morphology despite mild degrees of oligospermia or normal sperm counts. [10] In infertile cases, Y chromosomal microdeletions have been reported at incidence rates ranging between 1-55 percent. [8, 11] In normal male population, its rate ranges between 0.7-1 percent. [12] In this study we aimed to analyze, and compare Y chromosome deletions in infertile azoospermic, oligozoospermic men, and normal healthy control group. Figure 1 ). When all infertile cases were evaluated, microdeletions were detected in 9.6% of the patients. When azoospermic, oligo zoospermic, and control groups were compared, a significantly increased rate of Y microdeletion carriership was found in the azoospermic, and oligospermic groups (p=0.004, Table  2 ). In fact its rate was significantly higher in the infertile group relative to the control group (p=0.007, Table 3 ). In comparison with the control group, the rate of Y microdeletion carriership significantly increased in cases with azoospermia. (p=0.002), while any significant difference was not observed between the oligozoospermic cases, and the control group (p=0.072).
In cases with infertility, deletions in the AZFa (n=4; 3.48%), AZFb (n=2; 1.74%), AZFc (n=3; 2.61%), and AZFd (n=7; 6.09%) regions were detected. In the azoospermic group in all AZF regions of one case, and AZFc, and AZFd regions of 2 cases, microdeletions were found. However in 7 cases with infertility, microdeletion was determined in only one AZF region.
Y chromosome microdeletion was not found in 70 healthy controls included in our study population.
Discussion
In our study, we aimed to investigate the incidence of AZF microdeletions in Turkish men, and Y chromosome microdeletion carriership was detected in 9.6% of infertile cases. However, chromosome aneuploidies in these cases included in our study were not evaluated.
Y chromosome microdeletions lead to impairment of the spermatogenetic process, and effect normal spermatogenesis adversely. Incidence rates of deletions can differ between ethnic groups, and geographic distribution of the population studied. [13] Different incidence rates have been reported for Y chromosome microdeletions encountered in the Turkish population Balkan et al. [12] 1.3%; Sargın et al. [14] 3.3%, Akın et al. [15] 3.93%, Tağa (thesis study) [16] 6.3, Çetinkaya [17] (thesis study) 9.09%, Müslümanoğlu et al. [18] 22.64%. In other populations, incidence rates of Y chromosome microdeletion have been reported to range between 1, and 55 percent. [11, 19] In most of the studies which investigated Y chromosome microdeletions, AZFd region has not been analyzed. [14] [15] [16] [17] However in our study, AZFd region was analyzed, and AZFd microdeletions were found in 6.09% of the infertile men. AZFd region which is localized between AZFb, and AZFc regions was described by Ken-First et al. [4] . In infertile cases the rate of AZFd region deletions have been reported as 15.1 percent. [18] In our study, its rate was found to be 6.08 percent. In our study, AZFc microdeletion was detected in 3 (5.88%) azoospermic cases. AZFc deletions effect spermatogenetic process, but as reports have indicated they do not always cause infertility. In azoospermic cases with AZFc microdeletions, the chance of sperm retrieval to achieve fertilization is quite high in testicular sperm extraction (TESE) method. However it should not be forgotten that male offsprings of these cases will also carry AZFc microdeletions. [20] Complete deletion of AZFa or AZFb regions usually results in total loss of germ cells. Therefore, TESE, and intracytoplasmic sperm injection (ICSI) are not successful in these cases. Chance of spermatozoa retrieval in cases with partial AZFb deletion using TESE has been reportedly 50 percent. [5] Functions of 14 of 31 Y chromosome genes have been defined. [21] AZFb proximal region of Y chromosome contains CDY2, RPS4Y2 , and XKRY, while distal-AZFb/proximal-AZFc region has BPY2.1, CDY1.1, DAZ1, DAZ2 genes. In the AZFc region, only two genes (CSPG4LY, GOLGA2LY) are encoded. From this aspect, AZFb microdeletions are thought to induce testicular pathologies more frequently than AZFc microdeletions. DAZ (Deleted in Azoospermia) gene family is expressed in gonads, and has important functions in the development of germ cells. DAZ genes in the AZFc region have been reportedly subjected to deletion in 12-15% of azoospermic men. [9] However in our study DAZ deletion was detected in 3 (5.88%) azoospermic cases. In recent years, thanks to TESE, and ICSI procedures, spermatozoa can be retrieved from oligozoospermic, and azoospermic cases to achieve fertilization. However, reports indicate that in Y chromosome microdeletion carriers, success rate in sperm retrieval using TESE method is only 10 percent. [17] Since TESE bypasses natural selection process of spermatozoa, it carries the risk of transfer of genetic abnormalities to the coming generation. Cram et al. [22] reported transmission of Y microdeletions from father to son during ICSI procedure. Therefore, determination of chromosome abnormalities, and AZF region microdeletions before ICSI procedures has a crucial importance in genetic counseling.
Urology guidelines indicate that in azoospermic and/or severe oligozoospermic infertile cases investigation of Y chromosome microdeletions should be carried out routinely. [20] European Academy of Andrology (EAA), and European Molecular Genetics Quality Network (EMQN) released a guideline in order to ensure standardization, and quality control in the diagnosis of microdeletions. [20] With the introduction of this guideline in practice, further information can be gathered about sequence of Y chromosomes, and pathogenesis of microdeletions. In the guidelines search for the deletions in the regions of AZFa (sY84, sY86), AZFb (sY127, sY134), and AZFc (sY254, sY255) was recommended in the infertile men. In our study, in addition to the recommended STS regions, AZFa (sY82), AZFb (sY142), AZFc (sY141, sY158, sY233, QX7) , and AZFd (sY152, sY153) regions were also analyzed, and excluding QX7, in all of these regions microdeletions were observed. Rate of all types of deletions in the regions not recommended in the guidelines was 59.26%, and majority of these deletions constituted AZFd deletions. Müslümanoğlu et al. [18] reported deletion in the AZFd region as 15.1%, and also maturation arrest, and Sertoli cell-only syndrome were reported in these cases. With this respect we think that this guideline fails to represent Turkish population, and especially AZFd region should be included in the analyses. 
